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We study the possibility of breaking isospin in an extended technicolor model wilh left.right syrnmetric gauge group SU(2)L 0 SU(2)R 0
SU(4)c0S0(N)ETC. The model contains two sectors oftechnicolor embedded in SO(N)ETC. One ofthese seclors, caBed melacolor. gives
r¡se to a Majorana type condensate which in turns induces ¡arge Majorana masses for right handcd neutrinos through the ETC interactions.
The other technicolor sector generates Dirac type condensates. A dynamical see saw mechanism is implemented in a natural way, and ao
isospin breaking is generated in the leplonic seclor. This isospin breaking is transmitted to the ordinary quark sector through Iwo loop
diagrams involving extended technicolor and SU( 4)c gauge lields. For the leptonic sector wc can accommodate a realistic spectrum of
masses. However for the quark sector the transmission of isospin breaking is not enough to generate the known isospin spliuing between
members of an isodoublel. This situation in the quark sector may be improved by combining it with sorne other ideas of isospin spliuing.
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Estudiamos la posibilidad de romper el isoespín en un modelo de tecnicolor extendido con grupo de norma izquierdo-derecho simétrico
SU(2)L 0 SU(2)R 0 SU(4)c 0 SO(N)ETC. El modelo contiene dos sectores de teenicolor metidos denlro de SO(N)ETC. Uno de estos
sectores, llamado metacolor. da lugar a un condensado tipo Majorana, el cual induce masas lipo Majorana muy grandes para los neutrinos
derechos a través de las interacciones de ETC. El otro sector de tecnicolor genera condensados tipo Dirac. En esta forma se implementa
un mecanismo see.saw dinámico en forma natural y se genera un rompimiento de isoespfn en el sector de leplones. Este rompimiento de
isocspfn se transmite al sector de quarks a través de diagramas a dos lazos por medio de los bosones de tecnicolor extendido y de SU(4)c.
Para el sector de leptones se puede acomodar un espectro realista de masas. Sin embargo, para los quarks la transmisión de rompimiento de
isoespín no es suliciente para generar la diferencia de masas entre miembros de un isodoblete. Esta situación en el sector de quarks puede
mejorarse si se combina con otras ideas de producir diferencia de masas.
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lo Inlroduction

Extended leehnieolor mode!s [1,2] were invented lo deal
with two of Ihe main problems in present day theory of el-
ementary particle physies. namely lhe queSlion of the ori-
gin of lhe mass of elementary fermions and Ihe breaking
of the eleetroweak gauge symmetry. These models eontain
besides the ordinary fermion sector a new fermionic sector
populated by the teehnifermions. Teehnieolor forees produce.
at the seale where they beeome strong. a teehnieondensate
whieh breaks the eleetroweak gauge symmetry. This teehni-
eondensate play s also a crucial role in Ihe graphs whieh give
rise to the mass of ordinary fermions. These graphs. at the
one loop level eontain a transition. mediated by an extended
leehnieolor gauge field. from an ordinary fermion to a teeh-
nifermion whose eondensate plays the role of a seed of mass
for ordinary fermions. The magnitude of the mas s obtained
from these graphs depends on the square of the ¡nverse of the
mass of the extended teehnieolor gauge fields in QCD like

tcchnicolor theories or depends on the inverse of the mass of
Ihe extended technieolor gauge field for walking [3J teehni-
color theories.

The hierarehy in the fermion speetrum. and in particular
the splilling between isospin doublets. has ils origin in the
hierarehy and splilling of masses of Ihe extended teehnieolor
gauge fields. Here one can eilher stop. sinee Ihe origin of lhe
breaking of Ihe extended teehnieolor gauge group to the leeh-
nieolor one is unknown. or one can play with Higgses and
vaeuum expeetalion values to obtain the desired breaking of
the extended teehnieolor gauge fields. In the later case one
ends. effeelively. pUlling by hand the splitting among masses
of ordinary fennions. This feature is cornmon to any theory
where the eleClroweak group is Ihe standard SU(2)L 0 U(l)y
one. If one wants to have a beller understanding of the origin
of isospin splitting one has to start considering a theory which
does nol break explieilly isospin. The eleetroweak sector has
to be therefore left-righl symmetrie. But this is not enough. a
seed for isospin splilling has to be introdueed.
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In this article we discuss a rncchanism which conlains as a
sccd for isospin splitting a condensate of ocw fermions caHed
mctafcfl1lions [4]. A preliminary vcrsion 01' thcsc ideas was
publisbed in ReL 5.

2. The origin of isospin splitting

lk left-righl symmelry of lhe eleelroweak group should
be broken spontaneously. Thcrefore Gextc is left-right syrn-
rnctric; that is cithcr Gl:'Xf{' is vectorial 01' it rnay be wrilten
as Gv 0 G L 0 G /l whcre Gv is vcctorial, G L and G R are
isornnrphic aoel ir the left handed ferrnions transforrn as the
representation N nI' G L, the right handed ones transforrn as
the representation N 01' G n.

Lc( LIS 5t3ft considcring a gaugc theory bascd on lhe local
gaugc group 3. The model

G = SU(2)L (9 SU(2)1I (9 Gexto, (1) We assurne that

where SU(4Jc is Ihe color group of lhe Pali Salam model [6]
and SO(N)ETC is the group lhat contains tcchnicolor
and rnetacolor interactions as well as transitions arnong
lhe thrcc fcrmionic scctors (fennions, tcchniferrnions and
rnetarerrnions). The ferrnionic sector consists of

whcrc Gextc contains lhe group 01' color, technicolor, and
extended tcchnicolor. Thc tcchnicolor interaction should oe-
come strong al a cCftaio scalc wherc condensates are pro-
duccd with lhe property thal lhe clectroweak gaugc group is
hrokcn down lo lhe clcctromagnctic one,

SU(2)¡_ (9 SU(2)/I (9 U(I)u_L --+ U(I)Q. (2)

Gextc = SU(4Jc (9 SO(N)ETC. (8)

This hreaking has lo procecd however in two steps:

where Q is a lechniquark field, break SU(2)L aml SU(2)1I al
lhe sUllle scale; that ¡s, they gcnerate lhe symmctry brcaking

SU(2)¡. &; SU(2)n (9 U(I)U-L --+

SU(2)L (9 U(l)}. --+ U(l)Q. (3)

Sinec ¡\VO typcs of condensatcs are nccdcd, we assumc
thal thcrc are {wo dilTcrcnl technicolor-typc interactions.
Olle, which \Ve caH rnetacolor, produces al a sealc Am a con-
densalc of lhe form

(9)

( 10)

lJltark8 : qf = (;:r,
(~r,tcchniqua,.k.'; : Q? = ,

metafj/wrks : QCc" (~:):'",
ICl'tolls : (i = (~)..

fc('hnilel't01l8 : L'
, (i) := ,J

metalCl'toll8 : Lr" (N')'"E' ,,

('= 1,2,3,

e' =1,' .. ,11,

e" =1,'" ,IH

where

(4)

(5)

(QQ) = (OIQQIO),

SU(2)L (9 SU(2)1I --+ SU(2)L+tl.

One nccds thcrcforc 1wO typc of condcnsatcs: an objcct,
0./1. whieh respecls SU(2)¡. and break s SU(2)1I (9 U(I)n_L
down lo U(l))-, as il would do a Higgs scalar lransforming
as a (1, 31 -2) of lhe Icft-right symmetric group, and another
objeel, 0, whieh breaks SU(2)L (9 U(l)y down lo U(I)Q. In
lhe usual tcchnicolor theories lhe condensatcs

are the numbcr of colors, lcchnicolors, ami metacolors re-
speelively, while

(6)
where N' is an clcctrically neutral rnctafermion ficld and
wl1erc through C. lhe chargc conjugation matrix, a Lorcntz
invari,mt form is completed. The otller tcchnicolor-typc intcf-
aClion, rOl" which we reserve lhe name tcchnicolor, becomcs
slrong al un cnergy sealc A, and produces condcnsalcs

i = 1,'" ,nI,

j = 1,'" ,n'f'
Á.: = 1, ... ,1rlf'

(11 )

N~ transfonns as a SU(2h singlet with zero wcak hyper-
chargc; Ihcrcfore JV~T c-l Nll transforrns trivially under
Sü(2)¡ &; U(l)y.

0= ((jQ). (7) correspond to Ihe numbcr of families, Icchnifamilies and
metafamilics.

Quarks and lcptons of a given family i form an irreducible
4-plel of SU( 4)c. Tbe same is Ime for eaeh family j of lech-
nifermions of a given tcchnicolor e' and cach family k 01'
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f¡=

FIGURE l. Majorana masscs induced by the metacondensate
for a) neutrinos and b) technineutrinos. Yic" are the gauge
bosons which mediate the transitions between ordinary fermions
and melafermions while YC'c" are those which mediate the
technifcrmion-mctafermion transitions

fb)(a)

( 14)

( 12)

( 13)

[C;y c:)' (~)' (~)J:
[(~y(~)'(~)'(~)r

= [(~:) 1 (~:) 2 (~:) 3 (~:)]:"

mctafcnnions al' a givcn metacolor efl
,

Left handed and r¡ght handed parts of these fermions trans-
form as irreducible N -plels of SO(Nkrc,

T

(f¡,Iz,'" ,ln,,Fi,,,, , F;:'"Mi, ,M,7:,) , (15)
J L,R

FIGURE 2. Additional off diagonal contributions to the mass ol' the
right handcd neutrinos arising from the mixing oC a) extended meta-
color and b) extended [cchnicolor gauge fields.

wherc

N = ni + nnj + 7H7nj, (1 ó)

fa) (b)

with a similar one with len handed metafermions. ti. u hreaks
SU(2)f{ and therefore it break s isospin but il does not break
SU(2)¡ .. We suspecl that, as in lhe case 01' QCD, there are no

For simplicity, let us ocal in lhe following wilh a model
of three ordinary familics, one farnily 01'tcchnifermions and
one family of Illclafcrmions,

(
1 1 Af",)TWL,n.= jl,f2,h,F, ... ,F'\Af,"', ~ L,H'

4, Symmetry breaking and fermion masses

SU(4Jc should be broken down lo SU(3), @U(I)u_L. This
breaking should be Iriggered by tbe dynamics 01' SO(N)E-rc.
lha1 is by lhe technicolor ano mctacolor interactions that it
contains.

\Vc assurnc that lhe tcchnicolor ano mctacolor interac-
tions are given by lhe gauge groups sute)"~, e = [n/2]'
[SU (e)" e SO(n)J and SO(m),,, respeelively. Starting al
some high energy seale SO(Nkrc is broken, by some sliU
unspecilied mechanism, graduaUy lo [7] SU (e)"@SO(m),,,.
In this proccss all lhe extended technicolor ílnd exlended
Illetacolor gauge fields acquire mass. As we continue low-
ering the energy scale we arrive at the scnle Am where lhe
SO(m)c" Illetacolor inlernclions becolllc strong nod produce
a melacondensale whicb should be SO(m),,, singlel and
which we assullle to he electricnlly neutral. It is therefore 01'
the form

N = 3+n+m.

'"
D./I = ¿ (N;~'RC-l N;" /1)

c"=1

( 17)

( 18)

condensates which involvc two differcnt fields, Iike
(EJ. RC-1 N;,,, 1) and Ihal eleclromagnelic repulsion for-
bids Ihe formalion 01' QED breaking condensalcs of Ihe form
(E~~'HC-IE~:"R)' Furthermore. we assume, and this is OUT
slrongesl hypolhesis, lhal al lhis poinl lhe left-righl sym-
metry 01"SO(N)ETC is broken in such a way that we may
ignore the rnelacondensates with left handed rnctafermions.
This amounts lo assumc that Ihe scale 01' isospin breaking is
higher Ihan Ihe scale of SU(2) L @ U(I)y breaking.

D.n hreaks dynamically nol only SU(2) n and isospin bul
also SU( 4)c. At lhe scale!lm lhe gauge group Gis Iherefore
reduced lo SU(3),@SU(2)L@ U(l)y @SU(e)" @SO(mk'
anJ lhe gauge hosons H'u and X;/:J ohtain masses 01' or.
der Am. The leptoquarks X;/3, e = 1,2,3 are those gauge
hosons 01' SU(4)c which make quark H !eplon lransitions
and their mass is of Ihe ordcr of lhe scale of isospin breaking.
On lhe other hanJ lhe mClacondensate Ó-u. induces a Ma-

jorana mass for ncutrinos and technineutrino through the di.
agrams depicteJ in Pigs. la and 1h. In these tlgures Yic" are
the gauge bosons which meJiate Lhetransilions between ordi-
nary fennions ami meLafermions while YC'C" are those which
mediate Ihe tcchnil"ermion-metafennion transitions. The in-
Juced diagonal mass terms are 01' lhe form

n

L miuv7~C-lviH+A1RLNZ;flC-INc'R' (19)
1=e,p"T c'=l

The mass matrix for right handed neutrinos rcceives an
additional off diagonal contribution from diagrarns involving
Yic"-1'"jc,,mixing (Fig. 2a), where the source oC mas s is ti.n
and from diagrams where lhe source oC mass is the Majo-
rana mass of the technineutrino. This last type of diagrams
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(Fig. 2b) involvc fcrmion-tcchnifcrmion transitions mediated
by gauge fields Ti<,. Tbe mixing belween Y fields and be-
lween T fields depends on lbe details of Ibe breaking of

SO(N)ETC down lo SU(f)c' 0 SO(m)c".
Al the scalc I\t « I\m (he technicolor forces become

strong and form technicondcnsatcs

1 3

(QQ) = ¿ ¿(Q<c,Q<c,),
e'=! c=l

I

(LL) = ¿(Lc,L<,),
e'=l

Q=U,D, (20)

(21 )

and using the result that in (QQ) thcrc is a surnmation ayer
lhe three colors.

Thcsc tcchnicondcnsatcs contrihuIc, through diagrams,
(Fig. 3), involving extended tcchnicolor gaugc ficlds Tic' to
the mass ol" ordinary fcrrnioos. Thcse contrihutions are of the
Dirae lype and have the property Ihal

(QQ) = 3(IL). (22)

T,

u,o

FIGURE 3. Thc i!'ospin splitting in the leptonic sector is fed into the

quark seelorthrough the gauge fields xi ofSU(4)c.

(28)

md '" 3m,; (27)

u quarks:

5. Numerical results

the quark sector is not of great significance, becausc it is an
arder 01' perturbation theory smaller than usual contribution
from Ihe exlended leehnieolor one loop graphs. So. we have
lhe relations

Now wc procced to do sorne numerical analysis to obtain thc
relations among fcrmion masscs prcdicted by our model, and
then we describe briefty how we can improve our results fol-
lowing sorne ideas already proposed by other authors.

Let us suppose here lhal masse, and mixing of lhe Ti<'
gauge fields are generated in a SSB proeess of the ETC sym-
metry in sllch a way that the dgenvaluc5 01' Al! give us
lhe eorreel mas ses for lhe charged leptons. The very small
masses for neutrinos can be eonlrolled by ehosing properly
the heavy mas ses of the }'¡c" gauge bosons in the see-saw
mechanisIn. It is in this sense that wc argue that it is possible
lo accommodate a realistic spcctrum of ¡cptan masses.

For the quark seelor, fram Eqs. (23), (24) and (26) we
have:
d quarks: Ald '" 3,\11 and therefore

(6Md)ij « (6M")ij S M,'j, (26)
where (6M"),, is the eonlribulion from Figs. 3a and 3e,
(6M,,),, tbe one from Fig. 3b and M,ij Ihe degeneraled eon-
Iribulion from the usual extended teehnieolor [Eq. (23)J.

(23)

(24)

(25)
(1J/.~f?

1I11~i '" ---omm

M, = 3M"

whcrc in an otwious notation Afu,.A/d, Af;:. Afe• are the
Dime mas s m;¡lriccs for up quarks, down quarks. neutrinos
and chargcd Icptons rcspcctivcly. These mas s matrices come
from the opcrators ÜUü¡Uj, ñ D(l¡d). Ñ N O¡,)) and EEciC),
where ¡ami j ore family indiees. The degeneralion in Eq. (23)
is a consequcncc of the isospin symmctry of the condensates
(tU) = (DD), (.\';\') = (EE) and lhe faet thal the Ti<,
extended gaugc hosons do not differentiate hctween the up
and down scctors and ncithcr hcLween quarks and leptons of
a givcn "amily.

In the Icptonic sector therc is no prohlcm with the ahoye
dcgcnerntion in the up and down sectors, hccausc for neutri-
nos we can implcment a sec saw mcchanism from which one
ohtains

A constraint on H1TR is set hy the uppcr hound on the
T neutrino mass. 1H1'~ ~ 100 ev [mm cosmology: With
m~ '" HIT '" 1.5 Gev, one ohtains fmm Eq. 25, 1HrR ~

3 x 104 Tev.
To break the isospin symmctry in the quark sector onc

needs lo brillg into play the X;/3 gauge bosons of SU(4Jc,
as well as the hcavy right handcd neutrinos. These type of
contrihulions are illustratcd in Fig. 3. \Ve can see that ¡he
eontrihution "rom these figures hreaks the degencration in the
masses of the up and down quark sector, bccause the right
handed technineutrino and neutrinos are much heavier than
the technilepton "E" and the charged leptons ej. However,
the magnitudc o" this contribution to the isospin splitting in
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The mass relalion helween b and T in Eq. (27) is Ihe hest
predietion of the mod,1. The olher two relations in lhis equa-
tion are not the eorreet ones, although they are wilhin Ihe
orders of magnilude of the known values. On the other hand,
lhe t-b and e-s mass ralios resulling from Eqs. (27) and (28)
tum out to be very smal!. Note from the two.loop contri bu-
tians lo quark mass matrices that 6Md, óAfu and AIq in Eq.
(26) have different matrix strueture. This faet is importanl he-
cause then ¡\fu and J\fd, the final mass matrices. can nol be
diagonalized simultaneously and then in principie is possihle
lo generate lhe CKM mixing.

Wc naw ley lO incorporate sorne other ideas lo ¡ncrease
lhe isospin splining hetween lhe up and down seetors of
quarks. In the eonlext of "walking leehnieolor" a walking
TC eoupling allows high energy physies well ahoye the weak
seale lOplay an important role in the ehiral symmelry hreak-
ing dynamics rcsponsible foc clectrowcak syrnmctry brcak-
ing. In particular cffective four-fecm¡on opcrators induccd hy
the high energy physies may distinguish different navors of
teehnifermions and Iherehy split lhe eorresponding conde n-
sales [8]. The qucstion is whethcr 5uch isospin brcaking in
the techniquark condcnsates is a sauece of isospin brcaking
rorquark masses. whilc al the same time an approxirnatc cus.
lodial SU(2) symmetry in lhe teehniquark sector is preserved
so lhallhe p parameler is kept c10se to unity wilhin lhe known
experimental uneertainly. Aulhors of Ref. 8 argue lhal in this
schemc it is reasonably lo generate most oc aH of the c-s mass
ratio. whereas the so large t-b mass ratio is rather difficult lo
accommodate wilhin Ihis framework.

Another scenario to get a splitting of Ihc t and b quark
masses is due to Holdom's [9J idea of eonsidering a ETC
gauge symmetry with at leaSl two douhlels of leehniquarks
(U1, D.) and (U" D,), assuming Ihat the ETC interaelions
preserve an approximate symmetry that forbids operators of
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lhe form Q¡QjrJq, i t j, and also thal eondensates in lhe
up sector are flavor diagonal. hut the corresponding oncs in
lhe down sector are !lavor violating. By defining new Dirae
fermion fields one is ahle lO define a euslodial SU(2) sym-
metry lhal keeps the p parameler equal lo unity, while the
ETC inlcractions are such that t receivcs a rnass whilc b rc-
mains massless. Howcver, Ihis contribution lo Ihe rnass 01' t
can not he larger than a rew Gev's ir fCNC are sufficiently
supprcssedcvcn in the walking tcchnicolor context.

6. Conclusions

To conc1uele. we have prcscnled a plausible mechanism
which may be Ihe source of Ihc splitting in mass inside
isodoublets. The mcchanisrn that we are suggesting works
very well to accommoJalc thc rnassesof the known leptons.
Assuming this fact, the moJel predicts for the quark sector
lhe relalions giving hy Eqs. (27) and (28). The masses of
quarks are enhanecd wilh respeel to lhe masses of leplons he-
cause the tcchniquarks carry color. while tcchnileptons does
noL

The model prediets almost a degenerate speetrum of
masses ror the up ami clown sectors of quarks. The c-s mass
ralio can he aeeomplished eilher hy the isospin hreaking in
lhe leehniquark eondensates [8J or hy lhe ideas suggested hy
Holdom ID). However, lo aeeounl for the greal t-b mass ra-
tio we need another sources of isospin brcaking such as the
models ealled "Topeolor" [10] and "Topeolor-assisled lech-
nieolor" [lIJ.
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